level Y up to 0.07. We used a high detectivity spectrometer which permitted us to obtain spectra with very highly doped free-standing films. In this way, we could measure both the relatively large thicknesses of samples with accuracy and also directly measure the doping level by weight uptake. The results show that, although intrafibril doping is nonuniform, the material is quite isomerized. In addition, our analysis demonstrates that the 03C92 band (900 cm-1) induced upon doping cannot be the pinned mode.
physical properties of undoped and doped polyacetylene film in the past few years [1] . Such [2, 3] infrared [4, 5] optical [6] and transport [7, 8] measurements on doped (CH)x support the soliton mechanism for doping, while photoconductivity, light scattering and modulation spectroscopy experiments are consistent with a decay or the creation of soliton pairs [9, 10] . In the series of experiments with various dopants, Fincher et al. [11] found that upon dilute doping two new absorption modes appeared in the IR region at 1 370 and 900 cm-1. Their intensity is very strong and increases in proportion to the dopant level. These modes were observed for iodine, AsFS [11] , SbFs [12] , Mods, WCl6 [13, 14] (p-type doping) and for Na [11] (n-type doping). The same kind of behaviour has been observed with (CD)x [4, 15] .
Thus these intense absorptions are not due to specific vibrations of dopant molecules but are intrinsic features of the doped (CH), chain. A theory was developed by Mele and Rice [16] [18] . Recently Horowitz [19] and Maki [20] showed that. in continuum model, phase fluctuations of order parameter give rise to new localized modes which are infrared active [19] or Raman active [20] . In the Horowitz model the infrared absorption is independent, of the charge configuration when the doping is light. In this model one of the strong IR active modes, is the pinned mode.
Many of these results concern only models or samples with light doping. On the other hand, theoretical calculations of the stability of chain [21] [25] . We observe a similar behaviour with isomerization induced upon doping.
The 740 cm-1 band associated with C-H out of plane deformation [26] (Fig. 2) . These Y values depend on the thickness of the film, and to obtain total isomerization the required doping level increases with the thickness value [27] .
The spectrometer resolution is too low to permit a study of the behaviour of 1 329 and 1 249 cm -1 bands.
The relative sensibility of« lattice » mode (446 cm -') and « local » mode (740 cm-1) is well explained by dynamical model [28, 29] . Calculations demonstrate that the 446 cm -1 cis-band disappears when the length ofci §-sequeoces of the chain becomes shorter than 12-16 (CH-CH) units.
The disappearence of 446 cm-1 when the dopant concentration reaches 0.007 signifies that cis-sequences no longer exist in any part of the polymer. Recent T.E.M. studies of doping mechanisms in films [30, 33] have shown that dopant nonuniformity is significant. Moses et al. [34] have shown the importance of macroscopic nonuniform doping on physical properties. Nonuniform doping has also been studied by Rolland [31] , Janossy [33] , Epstein [35] , Montaner [12] . The origin of the concentration gradients through the films, has been discussed by Benoit et al. [32] . (Fig. 4) and begins to become saturated at approximately 6-7 %. This comportment is similar to that of the dc conductivity [34] . The analysis of spectra shows that, at low doping levels the background transmission decreases as the frequency decreases, whereas, with high doping levels, it is the opposite : the background transmission increases as the frequency decreases.
Such a result for high doped samples completely agrees with the experimental results of Fincher et al. [11] and with Galtier's results in far infrared [37] showing a frequency linearly dependent conductivity in doped (CH)x. [38] and Epstein [39] found that the conductivity was frequency independent down to 500 MHz, Moses et al. [34] concluded that the proposed metallic islands do not exist in trans (CH)x.
Possibilities of interpreting an infrared spectra [11] .
By using the multilayer model of Montaner et al. [12] we took into account, that the film surfaces are not figure 7 shows an example of the fit of experimental spectra. We notice that upon Y -2 % the widths and intensities of bands of measured spectra start to become saturated in agreement with results obtained previously by Kiess [40] , while the background continue to increase (Fig. 2) . For a film thickness of 2.5 flm the intensity ratio varies from 2.26 ( Y = 0.005) to 6 .62 ( Y = 0.04). On the other hand using a continuum model Horowitz [19] showed that the electron-phonon coupling gives rise to infrared active modes corresponding with fluctuations of the order parameter A(x). Horowitz gives an expression for the conductivity a(co) of a linear chain, with a charge density p(x) put in a potential V(x) due to charged impurities (dopant). It was interesting to use this expression to verify that it was able to describe the spectra. According to Horowitz, the conductivity is given by ). = E A.; co' is the bare frequency, Y. the width and A. n the electron-phonon coupling constant of phonon « n », S is a constant dependent on the charge transfer, the Frohlich mass, the coupling constants and the phonon frequencies [19] . a is a coupling of the charge with the pinning potential of impurity with V(x) = (BoX2 + d2)-1 where so is the dielectric constant, d the distance of impurity to the chain (Fig. 1 C) and p(x) is the charge distribution. The direct calculation of a shows that this parameter is strongly dependent on the distance « d», the soliton extent, the dielectric constant and the impurity structure.
The experimental spectra can be presented, as Horowitz pointed out [19] under the assumption that a rather large distribution of a values exists and that the phonons are slightly damped However, if these modes are strongly localized, and chiefly strongly coupled with solitons, they can be very damped.
So, we tried to fit the experimental spectra using 5 parameters a)o, 1 a)o, 2 All A2 and a, and we did not take into account relations for Raman mode. We also obtained a very good description of the experimental spectra (Fig. 8) . However, Mele and Rice [41] taking into account the anharmonicity of C-C bond [42] introduce a linear dependence of C-C force constant with the bond lengths.
The presence of a defect modifies the distance of C-C bonds, so, even without electron-phonon coupling, there exist localized modes, for which the bare frequency would be found lower than 900 cm -1. [19] . Results are shown in figure 9 . a is constant for low doping, then decreases rapidly as doping increases. This behaviour is easy to understand : invariance by translation will be restored in the limit of a continue distribution of charged impurities, then Y"(x) = 0 for all values x, thus a = 0 and w2 = 0 giving rise to a Frohlich type of conductivity. Figure 9 shows that as the doping level increases, the frequency of w2 mode decreases drastically, which is inconsistent with experimental data. So the w2 mode cannot be the pinned mode. Recent results obtained by Tanaka [24] show that, at low temperature, some other absorption bands appear in the low frequency range. It is possible that one of these bands correspond to the pinned mode, this, however, remains to be verified. ,, Finally, we note that, according to the theory, the w1 mode frequency should only begin to vary for high doping levels. In the other models, also, the varying frequencies of the localized modes becomes important, only at high doping level at which the soliton-soliton interaction is strong. The fact that a rapid variation of the soliton frequencies is experimentally found from low doping levels, shows that the doping is extremely inhomogeneous. It [46] . In another hypothesis, already mentionned by Mele and Rice [16] the width would arise from the coupling of the localized mode with the soliton. It is evident that a strong coupling must exist and produce a rather strong diminuation of the localized modes. Lastly, when the doping increases, the frequency decreases and the damping increases. Measurements of the widths of these modes with decreasing temperature should make it possible to choose from the different assumptions. 4 . Conclusion.
Our measurements show :
That even in metallic state (Y &#x3E; 0.06) the soliton bands persist (Fig. 2 ) and the chains with defects are stable, which is not in accordance with Bulka's results [21] .
That the doping is certainly not uniform in the fibrils and it is difficult to interprete the results under the assumption of a composite medium made by metallic islands in an insulating medium.
That the pinned mode frequency depends greatly on the a coupling coefficient, which also depends greatly on the dopant charge localization, the polarizability and the size of the ion, the electronic delocalization on the ion (I3, I5) 
